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l Crystal structure of an IHF–DNA complex: a protein-
induced DNA U turn. Phoebe A Rice, Shu-wei Yang,
Kiyoshi Mizuuchi and Hoard A Nash (1996). Cell 87,
1295–1306.
Integration host factor (IHF) is a small heterodimeric protein
that specifically binds to DNA and functions as an
architectural factor in many cellular processes in prokaryotes.
This paper describes the crystal structure of IHF complexed
with 35 bp of DNA. The DNA is wrapped around the protein
and bent by >160°, thus reversing the direction of the helix
axis within a very short distance. Much of the bending occurs
at two large kinks where the base stacking is interrupted by
intercalation of a proline residue. IHF contacts the DNA
exclusively via the phosphodiester backbone and the minor
groove and relies heavily on indirect readout to recognize its
binding sequence.
27 December 1996, Cell
n Crystal structure of human cyclophilin A bound to the
amino-terminal domain of HIV-1 capsid. Theresa R
Gamble, Felix Vajdos, Sanghee Yoo, David K Worthylake,
Megan Houseweart, Wesley I Sundquist and Christopher P
Hill (1996). Cell 87, 1285–1294.
The HIV-1 capsid protein forms the conical core structure at
the centre of the mature virion. It also binds the human
peptidyl prolyl isomerase, cyclophilin A, thereby packaging the
enzyme into the virion. This paper describes the 2.4 Å crystal
structure of the N-terminal domain of HIV-1 capsid in
complex with human cyclophilin A. A single exposed capsid
protein loop binds in the enzyme’s active site. In the crystal
lattice, capsid proteins assemble into continuous planar strips.
Cyclophilin A could then function by weakening the
association between capsid protein strips, thereby promoting
disassembly of the viral core.
27 December 1996, Cell
n Crystal structure of coagulogen, the clotting protein
from horseshoe crab: a structural homologue of nerve
growth factor. Andreas Bergner, Vaheh Oganessyan,
Tatsushi Muta, Sadaaki Iwanaga, Dieter Typke, Robert
Huber and Wolfram Bode (1996). EMBO J. 15,
6789–6797.
The clotting cascade system of the horseshoe crab (Limulus) is
involved in both haemostasis and host defence. The cascade
results in the conversion of coagulogen, a soluble protein, into
an insoluble coagulin gel. A clotting enzyme excises the
fragment peptide C from coagulogen. The crystal structure of
coagulogen reveals an elongated molecule that embraces the
helical peptide C fragment. Cleavage and removal of the
peptide C would expose an extended hydrophobic cove, which
could interact with the hydrophobic edge of a second
molecule, leading to a polymeric fibre. The C-terminal half of
the coagulogen molecule exhibits a striking similarity to the
neurotrophin nerve growth factor (NGF), providing the first
evidence for a neurotrophin fold in invertebrates.
16 December 1996, The EMBO Journal
n Crystal structure of the protein serine/threonine
phosphatase 2C at 2.0 Å resolution. Amit K Das,
Nicholas R Helps, Patricia TW Cohen and David Barford
(1996). EMBO J. 15, 6798–6809.
Protein phosphatase 2C (PP2C) is a Mn2+ (or Mg2+) dependent
protein serine/threonine phosphatase that is essential for
regulating cellular stress responses in eukaryotes. The crystal
structure of human PP2C reveals a novel protein fold with a
catalytic domain composed of a central b sandwich that binds
two manganese ions, which is surrounded by a helices. The
protein architecture and deduced catalytic mechanism are
strikingly similar to the PP1, PP2A, PP2B family of protein
serine/threonine phosphatases, with which PP2C shares no
sequence similarity, suggestive of convergent evolution of
protein serine/threonine phosphatases.
16 December 1996, The EMBO Journal
n Giant protein kinases: domain interactions and
structural basis of autoregulation. Bostjan Kobe, Jörg
Heierhorst, Susanne C Feil, Michael Parker, Guy M Benian,
Klaudiusz R Weiss and Bruce E Kemp (1996). EMBO J.
15, 6810–6821.
The myosin-associated giant protein kinases twitchin and titin
are composed predominantly of fibronectin- and
immunoglobulin-like modules. This paper describes crystal
structures of two autoinhibited twitchin kinase fragments, one
from Aplysia and a larger fragment from Caenorhahditis elegans
containing an additional C-terminal immunoglobulin-like
l See the Minireview article by Ellenberger and Landy in this issue of Structure (volume 5:153–157).
domain. The structure of the larger fragment shows that the
immunoglobulin domain contacts the protein kinase domain
on the opposite side from the catalytic cleft, laterally exposing
potential myosin-binding residues. Together, the structures
explain the differences between the observed autoinhibitory
mechanism and the one found in the structure of calmodulin-
dependent kinase I.
16 December 1996, The EMBO Journal
n Ribosomal protein L9: a structure determination by the
combined use of X-ray crystallography and NMR
spectroscopy. David W Hoffman, Christopher S Cameron,
Christopher Davies, Stephen W White and 
V Ramakrishnan (1996). J. Mol. Biol. 264, 1058–1071.
The structure of protein L9 from the Bacillus
stearothermophilus ribosome has been determined at 2.5 Å
resolution by refinement against single crystal X-ray
diffraction data with additional constraints provided by NMR
data. This highly elongated protein consists of two domains
separated by a nine-turn connecting helix. The combined use
of X-ray and NMR data in the refinement procedure was
essential in defining the N-terminal domain of the protein
which is the RNA-binding site.
20 December 1996, Journal of Molecular Biology
n Three-dimensional structure of the HTLV-II matrix
protein and comparative analysis of matrix proteins
from the different classes of pathogenic human
retroviruses. Allyson M Christensen, Michael A Massiah,
Brian G Turner, Wesley I Sundquist and Michael F
Summers (1996). J. Mol. Biol. 264, 1117–1131.
The authors used NMR spectroscopy to determine the
structure of the matrix protein from human T cell leukemia
virus type II (HTLV-II), a member of the human oncovirus
subclass of retroviruses. The globular HTLV-II matrix
structure is composed of four a helices and a 310 helix. Clear
structural similarities between the HTLV-II and HIV-1 matrix
proteins suggest that the topology and an exposed cationic
membrane-binding surface are likely to be conserved features
of retroviral matrix proteins.
20 December 1996, Journal of Molecular Biology
n Structural basis for activation of human lymphocyte
kinase Lck upon tyrosine phosphorylation. Hiroto
Yamaguchi and Wayne A Hendrickson (1996). Nature
384, 484–489.
Lck is a Src family tyrosine kinase expressed in T
lymphocytes, where it participates in the cellular immune
response. This paper reports the crystal structure of the Lck
tyrosine kinase domain (LCKK) in its activated state at 1.7 Å
resolution. The structure reveals how a phosphoryl group at
Tyr394 generates a competent active site. Comparisons with
other kinase structures indicate that tyrosine phosphorylation
and ligand binding may elicit two distinct hinge-like
movements between the kinase subdomains.
5 December 1996, Nature
n Crystal structure of the GTPase-activating domain of
human p120GAP and implications for the interaction
with Ras. Klaus Scheffzek, Alfred Lautwein, Wolfgang
Kabsch, Mohammad Reza Ahmadian and Alfred
Wittinghofer (1996). Nature 384, 591–596.
The first structure determination of a GTPase-activating
protein reveals the catalytically active fragment of the Ras-
specific p120GAP as an elongated, exclusively helical protein
with a novel fold. The molecule consists of two domains, one
of which contains all the residues conserved among different
GAPs for Ras. The clustering of conserved residues around a
shallow groove in the central domain leads to a model for the
interaction between Ras and GAP that satisfies numerous
biochemical and genetic data.
12 December 1996, Nature
n NMR structure and mutagenesis of the Fas (APO-
1/CD95) death domain. Baohua Huang, Matthias
Eberstadt, Edward T Olejniczak, Robert P Meadows and
Stephen W Fesik (1996). Nature 384, 638–641.
Programmed cell death (apoptosis) mediated by the cytokine
receptor Fas is critical for maintenance of immune-system
homeostasis. Signalling of programmed cell death involves the
self-association of a conserved cytoplasmic region of Fas called
the death domain and interaction with another death-domain-
containing protein, FADD. This paper describes the solution
structure of the Fas death domain. The structure consists of six
antiparallel, amphipathic a helices arranged in a novel fold.
The region of the death domain involved in self-association
and binding to the downstream signalling partner FADD is
identified. 
19/26 December 1996, Nature
n Deep penetration of an a-helix into a widened RNA
major groove in the HIV-1 rev peptide–RNA aptamer
complex . Xiaomei Ye, Andrey Gorin, Andrew D Ellington
and Dinshaw J Patel (1996). Nat. Struct. Biol. 3,
1026–1033.
A combined NMR-molecular dynamics approach has been
applied to determine the solution structure of a HIV-1 17-mer
rev (regulation of viral expression) peptide bound to its 35-mer
high affinity RNA aptamer binding site. Complex formation
involves adaptive binding with the a-helical arginine-rich basic
rev peptide targeting a widened RNA major groove centred
about adjacent G⋅A and reversed A⋅A mismatches. The
intermolecular contacts identified in the aptamer complex
readily account for the consequences of peptide and RNA
mutations, as well as the results of previous in vitro selection
experiments. This represents the first example of molecular
recognition in a peptide–RNA aptamer complex. (The first
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n See the Minireview article by Grate and Wilson in the 15 January issue of Structure (volume 5:7–11).
example of a solution structure of a ligand–DNA aptamer
complex is reported in the same issue: Chin Hsiung Lin and
Dinshaw J Patel, Nature Structural Biology 3 1046–1050.)
12 December 1996, Nature Structural Biology
n Solution structure of the origin DNA-binding domain of
SV40 T-antigen. Xuelian Luo, David G Sanford, Peter A
Bullock and William W Bachovchin (1996). Nat. Struct.
Biol. 3, 1034–1039.
The first step in DNA replication is the binding of an initiator
protein to a discrete DNA site called an origin of replication.
The structure of the domain from simian virus 40 (SV40) large
T-antigen that binds to the SV40 origin of DNA replication
has been determined by nuclear magnetic resonance
spectroscopy. The overall fold, consisting of a central five-
stranded antiparallel b sheet flanked by two a helices on one
side and one a helix and one 310 helix on the other, is a new
one. Two regions implicated in origin-specific recognition
form two closely juxtaposed loops on the protein surface. The
addition of a duplex oligonucleotide containing the origin
recognition pentanucleotide GAGGC induces chemical-shift
changes in this region, indicating that this surface directly
contacts the DNA.
12 December 1996, Nature Structural Biology
n X-ray and NMR structure of Bet v 1, the origin of birch
pollen allergy . Michael Gajhede, Peter Osmark, Flemming
M Poulsen, Henrik Ipsen, Jørgen N Larsen, RJ Joost van
Neerven, Carsten Schou, Henning Løwenstein and Michael
D Spangfort (1996). Nat. Struct. Biol. 3, 1040–1045.
The authors present the three-dimensional structure of the
major birch pollen allergen, the 17500 Mr acidic protein Bet v
1 (from the birch, Betula verrucosa), as determined both by
X-ray and NMR methods. The structure shows three regions
on the molecular surface predicted to harbour cross-reactive
B-cell epitopes which provide a structural basis for the allergic
symptoms that birch pollen allergic patients show when they
encounter pollens from related trees.
12 December 1996, Nature Structural Biology
n Photolysis of the carbon monoxide complex of
myoglobin: nanosecond time-resolved crystallography.
Vukica Šrajer, Tsu-yi Teng, Thomas Ursby, Claude
Pradervand, Zhong Ren, Shin-ichi Adachi, Wilfried
Schildkamp, Dominique Bourgeois, Michael Wulff and
Keith Moffat. (1996). Science 274, 1726–1729.
Crystals of the carbon monoxide complex of myoglobin were
used at the European Synchrotron Radiation Facility to obtain
pulsed, Laue X-ray diffraction data with nanosecond time
resolution during the process of heme and protein relaxation
after carbon monoxide photodissociation and during rebinding.
These experiments provide a structural foundation to
spectroscopic results and molecular dynamics calculations.
6 December 1996, Science
n Structure of Staphylococcal a-hemolysin, a heptameric
transmembrane pore. Langzhou Song, Michael R
Hobaugh, Christopher Shustak, Stephen Cheley, Hagan
Bayley, J Eric Gouaux (1996). Science 274, 1859–1865.
The structure of the Staphylococcus aureus a-hemolysin pore has
been determined at 1.9 Å resolution. The transmembrane
domain comprises the lower half of a 14-strand antiparallel
b barrel, to which each protomer contributes two b strands.
The structure provides insight into the principles of
membrane interaction and transport activity of b barrel pore-
forming toxins.
13 December 1996, Science
n A mechanism of drug action revealed by structural
studies of enoyl reductase. Clair Baldock, John B
Rafferty, Svetlana E Sedelnikova, Patrick J Baker, Antoine
R Stuitje, Antoni R Slabas, Timothy R Hawkes and David
W Rice (1996). Science 274, 2107–2110.
Enoyl reductase (ENR), an enzyme involved in fatty acid
biosynthesis, is the target for antibacterial diazaborines and 
the front line antituberculosis drug isoniazid. This paper
describes the crystal structure of enoyl reductase. Analysis of
the structures of complexes with nicotinamide adenine
dinucleotide and either thienodiazaborine or benzodiazaborine
revealed the formation of a covalent bond between the 2′
hydroxyl of the nicotinamide ribose and a boron atom in the
drugs to generate a tight, noncovalently bound bisubstrate
analog.
20 December 1996, Science
n Capturing the structure of a catalytic RNA intermediate:
the hammerhead ribozyme. William G Scott, James B
Murray, John RP Arnold, Barry L Stoddard and Aaron Klug
(1996). Science 274, 2065–2069.
The crystal structure of an unmodified hammerhead RNA in
the absence of divalent metal ions has been solved, and it was
shown that this ribozyme can cleave itself in the crystal when
divalent metal ions are added. This biologically active RNA
fold is the same as that found previously for two modified
hammerhead ribozymes. Addition of divalent cations at low pH
makes it possible to capture the uncleaved RNA in metal-
bound form. A conformational intermediate, having an
additional Mg2+ bound to the cleavage-site phosphate, was
captured by freeze trapping the RNA at an active pH prior to
cleavage. The most significant conformational changes were
limited to the active site of the ribozyme, and the changed
conformation requires only small additional movements to
reach a proposed transition state.
20 December 1996, Science
Paper Alert 309
n Crystal structure of a fungal elicitor secreted by
Phytophthora cryptogea, a member of a novel class of
plant necrotic proteins. Guillaume Boissy, Eric de La
Fortelle, Richard Kahn, Jean-Claude Huet, Gérard
Bricogne, Jean-Claude Pernollet and Simone Brunie
(1996). Structure 4, 1429–1439.
Elicitins form a novel class of plant necrotic proteins which are
secreted by Phytophthora and Pythium fungi, parasites of many
economically important crops. The structure of b-cryptogein,
secreted by Phytophthora cryptogea (CRY) was determined at
2.2 Å resolution. The overall structure has a novel fold
consisting of six a helices and a beak-like motif, whose
sequence is highly conserved within the family, composed of
an antiparallel two-stranded b sheet and an Ω loop. This motif
is assumed to be a major recognition site for a putative receptor
and/or ligand.
15 December 1996, Structure
n The structural basis for pyrophosphatase catalysis.
Pirkko Heikinheimo, Jukka Lehtonen, Alexander Baykov,
Reijo Lahti, Barry S Cooperman and Adrian Goldman
(1996). Structure 4, 1491–1508.
Soluble inorganic pyrophosphatase (PPase), an essential
enzyme central to phosphorus metabolism, catalyzes the
hydrolysis of the phosphoanhydride bond in inorganic
pyrophosphatase. Three to five metal ions are required for
maximal activity, depending on pH and enzyme source. The
authors report the first two high-resolution structures of yeast
PPase, at 2.2 and 2.0 Å resolution. One structure contains the
two activating metal ions; the other, the product (MnP)2 as
well. The latter structure contains a water molecule/hydroxide
ion bridging two metal ions and, uniquely, a phosphate bound
to four Mn2+ ions.
15 December 1996, Structure
n The structure of glucose-fructose oxidoreductase from
Zymomonas mobilis: an osmoprotective periplasmic
enzyme containing non-dissociable NADP. Richard L
Kingston, Robert K Scopes and Edward N Baker (1996).
Structure 4, 1413–1428.
The structure of glucose-fructose oxidoreductase from
Zymomonas mobilis was determined by X-ray crystallography at
2.7 Å resolution. Each subunit of the tetrameric enzyme
comprises two domains, a classical dinucleotide-binding
domain, and a C-terminal domain based on a predominantly
antiparallel nine-stranded b sheet. An N-terminal arm from
each subunit wraps around the dinucleotide-binding domain of
an adjacent subunit, covering the adenine ring of a tightly
associated NADP. The enzyme has an unexpected structural
similarity with the cytoplasmic enzyme glucose-6-phosphate
dehydrogenase (G6PD).
15 December 1996, Structure
n Zinc mediated dimer of human interferon-a2b revealed
by X-ray crystallography. Ramaswamy Radhakrishnan,
Leigh J Walter, Alan Hruza, Paul Reichert, Paul P Trotta,
Tattanahalli L Nagabhushan and Mark R Walter (1996).
Structure 4, 1453–1463.
The human a-interferons (huIFN-a’s) are encoded by a family
of at least 15 intronless genes which are differentially
expressed by cells in response to a variety of infectious agents.
The diverse biological activities of the IFN-a’s are conveyed
to cells through specific interactions with cell-surface
receptors. The crystal structure of recombinant huIFN-a2b has
been determined at 2.9 Å resolution HuIFN-a2b exists in the
crystal as a noncovalent dimer, which associates in a novel
manner. Unlike other structurally characterized cytokines,
extensive interactions in the dimer interface are mediated by a
zinc ion (Zn2+).
15 December 1996, Structure
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